Preferen al fl ow in soils and similar permeable media refers to processes of faster than average water movement through only a fraction of the pore space, thereby bypassing most of the matrix. Moreover, it is commonly accepted that preferential fl ow is dominantly gravity-driven, thus dealing with rapid water movement from higher to lower locations and excluding capillary rise. Preferential fl ow has become an important issue in environmental research and has gained increasing attention over the last three decades in the hydrology of soils and fractured rocks mainly-but not only-with respect to contaminant leaching and unintended pollution of subsurface and surface waters in agricultural landscapes, and most recently in the context of hydropedology (Lin, 2010). Preferential fl ow has frequently been reviewed in the hydrology of soils (e.g., Gerke, 2006; Jarvis, 2007; Köhne et al., 2009a Köhne et al., , 2009b A wide variety of approaches to preferential fl ow exists. Th e approaches include, but are not limited to, analysis of such phenomena as infi ltration and fl ow in macropores formed by shrinkage and biological processes, fl ow within or over structured textural heterogeneous porous formations, unstable fl ows due to gravity instabilities or viscous instabilities, fl ow in natural soil pipes or human-made drain tubes, and topographically controlled local soil and groundwater recharge. Preferential fl ow covers spatial extents that range from the pore scale up to the fi eld scale. Th e diversity in the assumed underlying hydromechanical concepts, like force balances and the associated boundary conditions, combined with the diversity of scales may explain the absence of a unifying framework for treating all these phenomena. Th e variety of concepts also demonstrates that many aspects of preferential fl ow are still not fully understood, and predictive tools are limited to particular applications or may not even be practical at all.
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One class of models describes preferential fl ow in structured soils and deals with the fl ow by partitioning the soil volume into at least two coupled pore subdomains for which separate hydraulic and transport properties are defi ned. With two subdomains the models are referred to as dual-permeability models. Th e models usually consist of sets of coupled fl ow and transport equations in which fl ow in the preferential fl ow domain is described either by assuming Richards' equation (e.g., Gerke and van Genuchten, 1993) or a kinematic wave approach (e.g., Germann, 1985; Jarvis, 2007) . Th e models include transfer terms to accommodate the exchange of water and solutes between the domains (e.g., Germann and Beven, 1985; Šimůnek et al., 2003; Gerke, 2006) . Characterizing these transfer terms is a major issue with respect to accurate modeling of observed preferential fl ows and transport. Models based on the Lattice Boltzmann technique are able to approach the Navier-Stokes equations for complex pore geometries (e.g., Vogel et al., 2005) . However, upscaling the process in the pores at the micrometer-range scale to the profi le scale or even hillslope scale is still limited. Th is kind of model is considered as a learning tool that illustrates microscale processes.
Special Section: Preferential Flow
Horst H. Gerke* Peter Germann John Nieber A er a brief overview of preferen al fl ow phenomena and relevant modeling concepts, the manuscript introduces 18 papers dealing with improved process descriptions, measuring techniques, and modeling approaches of preferen al fl ow at various scales. The papers indicate a trend towards the use of noninvasive methods and improved modeling formula ons.
